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(57) ABSTRACT

The present invention relates to novel podophyllotoxin
derivatives substituted in the 4-position by a substituted
(poly)aminoalkylaminoacetamide chain, to their process of
preparation and to their use as medicament as anticancer
agents.
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1
(POLY) AMINOACETAMIDE DERIVATIVES
OF EPIPODOPHYLLOTOXIN THEIR
PROCESS OF PREPARATION AND THEIR
APPLICATIONS IN THERAPEUTICS AS
ANTICANCER AGENTS

This application is a Divisional of co-pending application
Ser. No. 12/943,804 filed on Nov. 10, 2010 which is a Divi-
sional of co-pending application Ser. No. 11/578,266 filed on
Oct. 13, 2006 and for which priority is claimed under 35
U.S.C. §120. Application Ser. No. 11/578,266 is the national
phase of PCT International Application No. PCT/IB2005/
001268 filed on Apr. 14, 2005 under 35 U.S.C. §371. The
entire contents of each of the above-identified applications
are hereby incorporated by reference. This application further
claims priority under 35 U.S.C. §119 to Application No. FR
04/04053 filed in France on Apr. 16, 2004.

The present invention relates to novel podophyllotoxin
derivatives substituted in the 4-position by an optionally sub-
stituted (poly)aminoalkylaminoacetamide chain, to their pro-
cess of preparation and to their use as medicaments, in par-
ticular as anticancer agents.

The compounds of the invention constitute derivatives of
podophyllotoxin, a natural lignan known for its utility in the
treatment of cancer. Other synthetic derivatives, such as eto-
poside and teniposide, are currently used as chemotherapeu-
tic agents in the treatment in particular of small cell lung
cancer. These various compounds act by inhibiting the cata-
Iytic activity of topoisomerase II.

The acetamide substitution in the jj position on the podo-
phyllotoxin backbone then represents a spermine or spermi-
dine acetamide or more generally (poly)aminoalkylaceta-
mide unit.

4'-Demethylepipodophyllotoxin derivatives are known as
inhibitors of topoisomerase II. Their cytotoxic and antitu-
mour activities have been demonstrated, in particular with
etoposide, TOP 53 (Drugs of the Future, 1996, 21, 1136), GL
331 (Medicinal Research Reviews, 1997, 17, 367) and NK
611 (Cancer Chemother. Pharmacol., 1996, 38, 217 and
541). Compounds having amino chains of benzylamine type
directly bonded in the 4f-position of podophyllotoxin have
been described (J. Med Chem., 1991, 34, 3346). Patent appli-
cation FR 2 810 321 discloses podophyllotoxin carbamate or
thiocarbamate derivatives of use in the treatment of cancer.
Amide compounds in the 4f-position have also been dis-
closed (U.S. Pat. No. 6,566,393, Acta Pharmacetica Sinica
(Yaoxue Xuebao), 1993, 28, 422, Acta Chem. Scand., 1993,
47,1190).

Patent EP 0 876 374 discloses a process for the demethy-
lation of podophyllotoxin to obtain 4'-demethylepipodophyl-
lotoxin, which is a synthetic intermediate in the preparation of
etoposide and teniposide.

International Application WO 03/082876 discloses 4p-1"-
[{2"-substituted benzoyl}aniline]podophyllotoxin analogues
exhibiting an anticancer activity.

The need to have available more effective treatments
encourages the search for novel molecules having different
mechanisms of action which can then target types of tumours
which are currently poorly treated or untreated and be free
from problems of resistance. The availability of these novel
products also makes it possible to prepare protocols with
cotreatments which are more effective with regard to certain
tumours.

The novel compounds of the present invention make it
possible to respond to this problem.
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2

The present invention relates to compounds of general

formula (1)

@

R0

OR,

OH

in which
R, and R, represent, independently of one another, a
hydrogen atom or a methyl radical;
R, and A together form a C;-C, ring
or
R, represents a radical chosen from the group consisting of
a hydrogen atom, a C,-C, alkyl radical and a benzyl
radical and A represents a radical chosen from the group
consisting of a hydrogen atom, a C,-C, alkyl radical, a
benzyl radical and a group of formula (II)

(IT)
R4

|
—¢CH,%—N—B

in which

a varies from 2 to 5,

R4 and B together form a C;-C ring

or

R4 represents aradical chosen from the group consisting of
a hydrogen atom, a C,-C, alkyl radical and a benzyl
radical, it being possible for R3 and R4 to be connected
by an alkylene chain comprising 2 or 3 carbon atoms,
and B represents a radical chosen from the group con-
sisting of

a hydrogen atom,

a C,-C, alkyl radical,

a benzyl radical,

a group of formula (IIT)

(I

RS R6

| |
—¢CHy 95— N—CH,—N—R7

in which b and ¢ can vary, independently of one another, from
2 to 5 and RS to R7 represent, independently of one another,
a radical chosen from the group consisting of a hydrogen
atom, a C,-C, alkyl radical and a benzyl radical, it being
possible for R4 and RS and/or RS and R6 and/or R6 and R7 to
be connected by an alkylene chain comprising 2 or 3 carbon
atoms;
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3
and a group of formula (IV)

av)
R8

—fCH,+—N—R9

in which ¢ can vary from 2 to 5 and R8 and R9 represent, each
independently of one another, a hydrogen atom or a C,-Cy
alkyl radical, it being possible for R4 and R8 to be connected
by an alkylene chain comprising 2 or 3 carbon atoms, or R8
and R9 together form a C;-Cj ring;

or their pharmaceutically acceptable salts, in particular their
addition salts, with inorganic or organic acids.

In the context of the present invention, the C;-Cg ring is
advantageously an aliphatic ring which can comprise one or
more heteroatoms, in particular oxygen.

According to an advantageous alternative form of the
invention, in the formula (I), R3 to R9 represent, indepen-
dently of one another, a hydrogen atom or a C,-C, alkyl
radical, advantageously a hydrogen atom or a methyl radical.

The compounds which are particularly advantageous in the
context of the present invention are those in which R3 repre-
sents a hydrogen atom or a methyl radical and A represents a
hydrogen atom, a methyl radical or a group of formula (II) in
which R4 represents a hydrogen atom, a methyl radical or an
ethyl radical and B represents a radical chosen from the group
consisting of:

a hydrogen atom,

a methyl radical,

an ethyl radical,

a group of formula (III) in which R5, R6 and R7 represent

a hydrogen atom, a C,-C, alkyl radical or a benzyl radi-
cal,

a group of formula (IV) in which R8 and R9, which are

identical, represent a hydrogen atom or a methyl radical.

The preferred compounds according to the invention are
chosen from the following compounds:
2-(2-dimethylaminoethylamino)-N-[9-(4-hydroxy-3,5-

dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',

4'":6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,
9-hexahydrofuro|[3'.4":6,7|naphtho[2,3-d][1,3]diox0l-5-
y1]-2-(2-(morpholin-4-yl)ethylamino)-acetamide
2-[(2-dimethylaminoethyl)methylamino]-N-[9-(4-hydroxy-
3,5-dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl|acetamide
2-dimethylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-

8-0%0-5,52,6,8,8a,9-hexahydrotfuro[3',4':6,7|naphtho[ 2,3-

d][1,3]dioxol-5-yl]acetamide
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,

9-hexahydrofuro|[3'.4":6,7|naphtho[2,3-d][1,3]diox0l-5-

yl]-2-(piperidin-1-yl)acetamide
2-benzylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-

0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d]

[1,3]dioxol-5-yl]acetamide
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,

9-hexahydrofuro|[3'.4":6,7|naphtho[2,3-d][1,3]diox0l-5-

yl]-2-(piperazin-1-yl)acetamide
2-(4-benzylpiperazin-1-yl)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-ethylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d]
[1,3]dioxol-5-yl]acetamide
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4
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-oxo0-5,52,6,8,8a,
9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][ 1,3 ]dioxol-5-
yl]-2-(propylamino)acetamide
2-butylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naphtho[ 2,3-d]
[1,3]dioxo0l-5-yl]acetamide
2-(2-diethylaminothylamino)-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',
4":6,7]naphtho[2,3-d][,3]dioxol-5-yl]acetamide
2-(2-diethylaminopropylamino)-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',
4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-amino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-oxo-5,
5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]
dioxol-5-yl]acetamide
2-(2-aminoethylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-(3-aminopropylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]actamide
2-(4-aminobutylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-{3-[4-(3-aminopropylamino)butylamino]propylamino} -
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,5a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-
5-yllacetamide
2-{3-[4-(3-aminopropylamino)butylamino]propylamino} -
N-[9-(3,4-dihydroxy-5-methoxyphenyl)-8-oxo-5,5aS,6,
8a,9-hexahydrofuro[3',4":6,7 |naphtho[2,3-d][,3]dioxol-5-
yl]acetamide
2-{(3-[4-(3-aminopropylamino)butylamino|propylamino } -
N-[8-0x0-9-(3,4,5-trihydroxyphenyl)-5,5a,6,8,8a,9-
hexahydroturo[3',4":6,7 |naphtho[2,3-d][1,3]diox0l-5-y]]
acetamide
2-(4-aminobutylamino)-N-[9-(3,4-dihydroxy-5-methox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-[3-(4-aminobutylamino))propylamino]-N-[9-(4-hydroxy-
3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl|acetamide
2-[4-(3-aminopropylamino)butylamino]-N-[9-(4-hydroxy-
3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]diox0l-5-yl|actamide
2-[3-(3-aminopropylamino)propylamino]-N-[9-(4-hydroxy-
3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl|acetamide
2-[4-(4-aminobutylamino)butylamino]-N-[9-(4-hydroxy-3,
5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,9-hexahydrofuro
[3',4":6,7]naphtho[2,3-d][ 1,3]dioxol-5-yl]acetamide
2-{3-[3-(3-aminopropylamino)propylamino]propylamino} -
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,5a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-
5-yllacetamide
2-{4-[4-(4-aminobutylamino)butylamino|butylamino } -N-
[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,
9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][ 1,3 ]dioxol-5-
yl]acetamide
2-{4-[4-(4-aminobutylamino)butylamino|butylamino } -N-
[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,
9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][ 1,3 ]dioxol-5-
yl]acetamide
2-[4-(4-aminobutylamino)butylamino]-N-[9-(4-hydroxy-3,
5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,9-hexahydrofuro
[3',4":6,7]naphtho[2,3-d][ 1,3]dioxol-5-yl]acetamide



US 9,403,840 B2

5
2-(5-aminopentylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide

and their addition salts with inorganic or organic acids.

More particularly the preferred compounds of the inven-
tion are chosen from the group consisting of:
2-[(2-dimethylaminoethylamino]-N-[9-(4-hydroxy-3,5-

dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',

4'":6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-dimethylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-

8-0%0-5,52,6,8,8a,9-hexahydrotfuro[3',4':6,7|naphtho[ 2,3-

d][1,3]dioxol-5-yl]acetamide
2-(4-aminobutylamino)-N-[9-(4-hydroxy-3,5-dimethox-

yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide
2-{3-[4-(3-aminopropylamino)butylamino]propylamino } -

N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-0x0-5,52,6,8,

8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-

5-yl]acetamide
2-[3-(4-aminobutylamino))propylamino]-N-[9-(4-hydroxy-

3,5-dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hexahydro-

furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl|acetamide
2-[4-(3-aminopropylamino)butylam ino]-N-[9-(4-hydroxy-

3,5-dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hcxahydro-

furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl|acetamide
and their addition salts with inorganic or organic acids.

The isomers of the compounds according to the invention
form an integral part of the invention.

Mention may be made, without implied limitation, among
pharmaceutically acceptable acids, of hydrochloric, hydro-
bromic, sulphuric, phosphoric, acetic, trifluoroacetic, lactic,
pyruvic, malonic, succinic, glutaric, fumaric, tartaric, maleic,
citric, ascorbic, oxalic, methanesulphonic, camphoric and
sulphamic acids.

The compounds according to the invention exhibit the
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characteristic of being soluble in water via the possibility of 40

formation of inorganic or organic salts with the basic nitro-
gens of the side chain. This represents a very significant
advantage in terms of administration, of formulation, of dis-
tribution, of pharmacokinetics and of bioavailability.

Another subject-matter of the present invention is the pro-
cess for the preparation of the compounds according to the
invention, which comprises the following successive stages:

a) starting from podophyllotoxin of formula (VIII)

(VIII)

OMe

b) if appropriate, preparation by demethylation of a com-
pound of formula (V)
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V)

OH

7

O
i
2\
6]

R,0 OR,

OH

in which R; and R, are as defined in the compound of
formula (I); then

¢) reaction of the compound of formula (V) or (VIII) with
chloroacetonitrile in an acidic medium and then, if
appropriate, demethylation reaction, to provide a com-
pound of formula (VI)

VD

OH

R0 OR,

in which R, and R, are as defined in the compound of
formula (I); then

d) reaction of the compound of formula (VI) with a com-
pound of formula (VII)

(VID)
R3

H—N
~Sa

in which R3 and A are as defined in the compound of
formula (I), the amines optionally present in the group A
being protected by an appropriate protective group
advantageously chosen from the group consisting of a
benzyl radical, a benzyloxycarbonyl (Z) radical or a
tert-butyloxycarbonyl (Boc) radical, in a mixture of sol-
vents comprising a polar aprotic solvent, in the presence
of a Lewis base.

The atoms in podophyllotoxin, which is a natural product,
are conventionally numbered according to a system different
from that used in the context of the present invention for
podophyllotoxin derivatives. Thus, in the context of the
present invention, the compounds according to the invention
(synthetic products) will be numbered according to the sys-
tem given for the following compound of formula (I):
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R,0

OR,

OH

whereas podophyllotoxin is numbered according to the sys-
tem conventionally used given above for the compound of
formula (VIII).

According to an alternative form of the invention, a com-
pound of formula (V), which is obtained by a demethylation
reaction on podophyllotoxin, is prepared. Thus, 4'-demethyl-
epipodophyllotoxin (Va) (the numbering used is that used for
podophyllotoxin for formula (VIII)):

(Va)
OH

< ol
o] : ""~<O

OMe

OH

is obtained by a demethylation reaction on podophyllotoxin
with the reagent pair methionine (or dimethyl sulphide)/
methanesulphonic acid in the presence of trifluoroacetic acid
or of acetone and of water, at a temperature of between —10°
C. and 40° C., according to the method disclosed in Patent FR
2 742 439.

Itis also possible to obtain, with an excess of reagent and an
additional reaction time, the didemethylation product, the
compound of formula (V) in which R,=H and R,=Me (or
R,=H and R,=Me) (Vb) (described in J. Med. Chem., 1986,
29, 1547) and the tridemethylation product, the compound of
formula (V) in which R,;=R,=H (Vc¢), which is a novel prod-
uct.

In stage ¢), the compound of formula (V) is subjected to a
Ritter reaction with chloroacetonitrile in the presence of a
strong acid, such as methanesulphonic acid or sulphuric acid,
according to a process known to a person skilled in the art,
analogously to the process described in the publication Acta
Chem. Scand., 1993, 47, 1190. This reaction results in the
intermediates of formula (VI) in which R, and R, are as
defined in the compound of formula (I).

During stage c), before the reaction of the compound of
formula (V) with chloroacetonitrile, the mono-, di- and tri-
demethylation compounds (formulae (Va), (Vb) and (Vc))
can be protected at their phenol functional groups with ben-
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zyloxycarbonyl groups, in order to prevent the synthesis of
undesirable byproducts. These protective groups can subse-
quently be readily cleaved in a conventional way by hydro-
genolysis in the presence of palladium-on-charcoal. How-
ever, the direct reaction of the compound of formula (V) with
chloroacetonitrile can be carried out with the compounds of
formulae (Va), (Vb) and (Vc) having unprotected phenol
functional groups.

According to another alternative form of the invention,
podophyllotoxin (VIII) is used directly as starting material.

The monodemethylation reaction is carried out subsequent
to the Ritter reaction, during stage c), to result in the derivative
of formula (VI) in which R,=R,=Me (VIa). Similarly, it is
also possible to obtain, by an excess of reagent and an addi-
tional reaction time, the didemethylation product, the com-
pound of formula (VI) in which R,;=H and R,=Me (or R,=H
and R;=Me) (VIb), and the tridemethylation product, the
compound of formula (VI) in which R,=R,=H (VIc).

The reaction of stage d) is advantageously carried out at
ambient temperature in a polar aprotic solvent, such as a
mixture of acetonitrile and of DMF, in the presence of a base,
such as triethylamine, and of potassium iodide. The potas-
sium iodide makes it possible to substitute the chlorine
present in the compound of formula (VI) by iodine, for better
reactivity.

In the formula (VIII), mention may in particular be made,
as examples of appropriate protective groups for the amine
functional groups, of the tert-butyloxycarbonyl (BOC) and
benzyloxycarbonyl (Z) groups. The protection of the amine
functional groups makes it possible to avoid the synthesis of
undesirable byproducts, in such a way that there is only a
single site of reactivity during the coupling reaction.

The compounds of formula (VII) can be prepared accord-
ing to the set of selective protections by protective groups for
amines, for example BOC or Z, such as are indicated in
Protective Groups in Organic Synthesis (Theodora W.
Greene, 2nd Ed., John Wiley and Sons, 1991) or in Synthesis,
2002, 15, 2195; Bul. Chem. Soc. Jpn., 1998, 71, 699; Tet.
Lett., 1998, 39, 439; Tet. Lett., 2001, 42, 2709, OPPI, 1994,
26, 599; Synthesis, 1994,37; J. Org. Chem., 1998, 63, 9723;
Tet. Letr., 1994, 35, 2057 and 2061. These publications
describe the preparation of the various amines with protective
groups used. A person skilled in the art can proceed by anal-
ogy.

If appropriate, the final stage of the process according to
the invention consists of the deprotection of the amine func-
tional groups protected by appropriate groups.

The compounds of the present invention have chiral centres
resulting from the natural origin of podophyllotoxin. In the
compound of formula (V), the hydrogen atoms in the 5-, 5a-,
8a- and 9-positions have the following positions: H5 a, H5a
a, H8a f, H9 B. In the compound of formula (VI), the con-
figuration of the asymmetric carbons is advantageously as
follows: 58, 5a8, 8aS, 9R.

The present invention also relates to the intermediate com-
pound of formula (V) in which R1, R, and R; represent a
hydrogen atom.

Another subject-matter of the present invention is, as medi-
caments, the compounds of formula (I) according to the
invention.

The compounds of the present invention exhibit an epi-
podophyllotoxin structure substituted in the 4-position by an
acetamide group, itself optionally substituted by amines or
polyamines.

Compounds having a polyamine chain grafted to a DNA-
intercalating unit of acridine type (J. Org. Chem., 2000, 65,
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5590; J. Med. Chem., 2002, 45, 5098) or an alkylating unit,
such as chloroambucil (J. Chem. Soc. Chem. Commun., 1992,
298), have been described.

The compounds of the present invention, which are quali-
tatively and quantitatively different from the other known
anticancer compounds, including etoposide, have the prop-
erty of being agents which have the DNA as target and suc-
ceed in bringing about damage thereto.

The cell normally reacts, faced with damage to the DNA,
by setting in motion repair systems which then ensure that it
remains intact. With the compounds of the present invention,
this repair process is not very effective and the cell then
develops towards apoptosis. This phenomenon of cleavage of
the DNA is displayed and measured by fluorescence in the
comets test (vide infra).

The compounds of the present invention have in vitro cyto-
toxic properties and in vivo antitumour properties with regard
to several murine models.

The compounds of the present invention exhibit an excep-
tional and surprising antitumour activity since they have the
possibility of bringing about a significant and even complete
regression of the tumour without causing side effects given
solid form by loss in weight. This leads to the hope in the
patient of effective activity with regard to non-solid tumours
and solid tumours, such as melanomas, colorectal cancers,
cancers of the lung, prostate, bladder, breast, uterus, stomach,
pancreas or liver, ovarian cancers, leukaemias, in particular
lymphomas and myclomas, ENT cancers and cancers of the
brain.

A particular subject-matter of the present invention is a
pharmaceutical composition, characterized in that it com-
prises at least one compound of formula (I) and an excipient
appropriate for administration by the oral or parenteral route.

The pharmaceutical compositions according to the inven-
tion, which comprise at least one compound of formula (I)
and an excipient appropriate for oral or parenteral adminis-
tration, can be administered alone or in combination with
other anticancer agents. They can be presented in a way suited
for such administrations one or more times daily, in the inject-
able form, or in the form of capsules, including hard gelatin
capsules, or tablets, at the dosage of 0.5 to 300 mg/m?, by the
injectable route, and of 1 to 100 mg/m?, by the oral route.

Finally, the present invention relates to the use of a com-
pound of formula (I) according to the invention in the prepa-
ration of a medicament intended for the anticancer treatment
of non-solid tumours and solid tumours, such as melanomas,
colorectal cancers, cancers of the lung, prostate, bladder,
breast, uterus, stomach, pancreas or liver, ovarian cancers,
leukaemias, in particular lymphomas and myelomas, ENT
cancers and cancers of the brain.

According to an advantageous alternative form of the
invention, the medicament comprises:

a) the compound of formula (I) and

b) an anticancer agent,
as combination products for a use which is simultaneous,
separate or spread out over time in the treatment of cancers
and/or tumours.

In particular, the anticancer agent is chosen from the group
consisting of platinum derivatives, taxanes, vincas and 5-FU.

In the context of the present invention, the medicament is
also intended for the treatment of tumours which are resistant
to conventional therapies.

The following examples make it possible to illustrate the
invention and are not limiting. In the proton NMR spectra of
the following examples, the numbering used for the assigning
of the protons is that in use and shown on the structure of
podophyllotoxin of formula (VIII). In contrast, the number-
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ing used for the designation of the products synthesized is that
used and defined for the compound of formula (I).

EXAMPLE 1
Preparation of the Compounds

5-(3,4-Dihydroxy-5-methoxyphenyl)-9-hydroxy-5,
88a,9-tetrahydro-5aH-furo[3',4":6,7naphtho[2,3-d]
[1,3]dioxol-6-one; and

9-Hydroxy-5-(3,4,5-trihydroxyphenyl)-5,8,8a,9-tet-
rahydro-5aH-furo[3',4':6,7|naphtho[2,3-d][ 1,3]di-
oxol-6-one

10 g (24 mmol) of podophyllotoxin are dissolved in 60 ml
oftrifluoroacetic acid. 5.4 ml (72 mmol) of dimethyl sulphide
and 47 ml (72 mmol) of methanesulphonic acid are succes-
sively added. Stirring is maintained for 9 hours, 5.4 ml (72
mmol) of dimethyl sulphide are again added and stirring is
maintained for 9 hours. The medium is run quickly onto ice
(600 ml) and extracted with ethyl acetate (3x300 ml). The
organic phases are washed with water and then with a
NaHCO; solution to neutrality. After drying over sodium
sulphate, filtering and evaporating, 6.3 g of crude demethy-
lation product are obtained. Flash chromatography on silica
(elution: CH,Cl,/acetone 9/1) makes it possible to isolate 550
mg of 5-(4-hydroxy-3,5-dimethoxyphenyl)-9-hydroxy-5,8,
8a,9-tetrahydro-5aH-furo[3',4":6,7 |naphtho[2,3-d][1,3]di-
oxol-6-one, that is to say 4'-demethylepipodophyllotoxin of
formula (Va). 1.10 g of 5-(3,4-dihydroxy-5-methoxyphenyl)-
9-hydroxy-5,8,8a,9-tetrahydro-5aH-furo[3',4':6,7 |naphtho
[2,3-d][1,3]diox0l-6-one (Analysed: C,oH,304.0.15H,0;
calculated: C % 61.74, H % 4.74. found: C % 61.67, H %
4.68), and then 1.9 g of 9-hydroxy-5-(3,4,5-trihydroxyphe-
nyl)-5,8,8a,9-tetrahydro-5aH-furo[3',4'":6,7 |naphtho[2,3-d]
[1,3]dioxol-6-one are also isolated. The latter compound has
a proton NMR spectrum with the following characteristics:
'H NMR (d,-DMSO) 8 8.65 (m, 2H), 7.95 (m, 1H), 6.71 (s,
1H, Hy), 6.47 (s, 1H, Hy), 5.98 (d, 2H, J=2 Hz, OCH,,0), 5.93
(s,2H, H,, Hy.), 4.68 (d, 1H, J=3.2 Hz, H,)), 4.34 (t, 1, J=8 Hz,
H,.),4.29(d, 1H,J=5.2Hz, H,), 4.16 (dd, 1H, J=8 Hz, J'=10
Hz,H,,,),3.17 (dd, 1H, J=5.2 Hz and J'=14 Hz, H,), 2.76 (m,

45 1H,H

55

60

s tl3 ).

EXAMPLE 2

Preparation of carbonic acid benzyl ester 2-benzy-
loxycarbonyloxy-5-(9-hydroxy-6-oxo-,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho| 2,3-d][1,3]diozol-5-
y1)-3-methoxyphenyl ester

2.65 ml (18.5 mmol) of benzyl chloroformate are intro-
duced, at 0° C. under nitrogen, with stirring, into a solution of
2.4 g (6.2 mmol) of 5-(3,4-dihydroxy-5-methoxyphenyl)-9-
hydroxy-5,8,8a,9-tetrahydro-5aH-furo[3',4":6,7 |naphtho[2,
3-d][1,3]dioxol-6-one, obtained according to Example 1, ina
1/1 mixture of CH,Cl, and THF in the presence of 4.3 ml (30
mmol) of triethylamine. The reaction is continued for 1 hour,
then the medium is poured onto water and the organic phases
are separated by settling, dried over sodium sulphate and
evaporated. The dicarbonate compound obtained is crystal-
lized from isopropyl ether (3.1 g, yield 76%). TLC SiO,
(CH,C1,/MeOH 95/5) Rf=0.6; "H NMR (ds-DMSO) 8 7.36
(m, 10H, Ar), 5.22 (s, 2H, benzyl CH,), 5.17 (s, 2H, benzyl
CH,).
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EXAMPLE 3

Preparation of carbonic acid benzyl ester 2,3-bis
(benzyloxycarbonyloxy)-5-(9-hydroxy-6-0x0-5,5a,6,
8a,9-hexahydrofuro[3',4":6,7|naphtho([2,3-d][1,3]
dioxol-5-yl)phenyl ester

By the same reaction as in Example 2 but using 5-(3,4,5-
trihydroxyphenyl)-9-hydroxy-5,8,8a,9-tetrahydro-5aH-furo
[3',4":6,7]naphtho[2,3-d][1,3]dioxol-6-0one instead of 5-(3,4-
dihydroxy-5-methoxyphenyl)-9-hydroxy-5,8,8a,9-
tetrahydro-5aH-furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-6-
one, the tricarbonate derivative is obtained with a yield of
96%. TLC SiO, (CH,CL/MeOH 95/5) Rf=0.5; 'H NMR
(ds-DMSO) 8 7.38 (m, 10H, Ar), 7.31 (m, 5H, Ar), 5.21 (s,
4H, benzyl CH,), 5.17 (s, 2H, benzyl CH,).

EXAMPLE 4

Preparation of 2-chloro-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexabydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-

mide

This compound can be obtained in two different ways.

a) 30 g of 4'-demethylepipodophyllotoxin of formula (Va)
are added to 47.4 ml of chloroacetonitrile and then, with
stirring, 3 drops of concentrated sulphuric acid are
added. Stirring is maintained at ambient temperature for
3 hours. 300 ml of isopropanol are then added with
stirring. The precipitate obtained is filtered oftf and
washed with 200 ml of isopropanol. The precipitate is
rinsed with water to neutral pH and then with ethyl ether.
After drying under vacuum, 34.2 g (yield 96%) of a
white solid are obtained. Melting point: 240° C.; 'H
NMR (d,-DMSO) 8 8.65 (d, 1H, J=7 Hz, NH), 8.26 (s,
1H, 4'-OH), 6.78 (s, 1H, HJ), 6.54 (s, 1H, Hy), 6.24 (s,
2H,H,, Hy), 5.99 (d,2H, J=11.3 Hz, OCH,0), 5.17 (dd,
1H, J=4.56 and 7 Hz, H,), 4.51 (d, 1H, J=5.2 Hz, H,),
4.29 (t,1H,J=8 Hz, H,,), 4.10 (s, 2H, CH,Cl), 3.78 (dd,
1H, J=8 Hz and 10 Hz, H,,,), 3.63 (s, 6H, 2xOCH,),
3.15(dd, 1H, J=5.2 and 14 Hz, H,), 3.97 (m, 1H, H,).

b) 0.2 ml of concentrated sulphuric acid is added at ambient
temperature to 1 g of podophyllotoxin stirred in suspen-
sion in 2 ml of chloroacetonitrile. The solution becomes
homogeneous. Stirring is maintained at ambient tem-
perature for 2 h and then the reaction medium is poured
onto ice and extracted with ethyl acetate. After separat-
ing by settling, drying over sodium sulphate and filter-
ing, 840 mg of light brown crystals are obtained, corre-
sponding to 2-chloro-N-[9-(3,4,5-trimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl]acetamide. Melting point=145° C.
TLC Si0, (CH,Cl,/MeOH 95/5, Rf=0.5); "H NMR (d,-
DMSO) 3 4.1 (s, 2H, CH,Cl).

This compound is demethylated according to the condi-
tions of Example 1 to provide the same compound as above in
Example 4a), with a yield of 20% after conventional chroma-
tography.

EXAMPLE 5

Preparation of 2-chloro-N-[9-(3,4-dihydroxy-5-
methoxyphenyl)-8-070-5,5a,6,8,8a,9-hexahydrofuro
[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide

According to the same procedure as in Example 4a) but
with  5-(3,4-dihydroxy-5-methoxyphenyl)-9-hydroxy-5,8,
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8a,9-tetrahydro-5aH-furo[3',4":6,7 |naphtho[2,3-d][1,3]di-
oxol-6-one obtained according to Example 1, a beige solid is
isolated after flash chromatography on SiO, (elution:
CH,Cl,/MeOH 98/2) with a yield of 28%. MS-ESI (m/z):
462.1 (MH+), 479.1 (MNH,+).

EXAMPLE 6

Preparation of carbonic acid benzyl ester 2-benzy-
loxycarbonyloxy-5-[9-(2-chloroacetylamino)-6-oxo-
5,5a,6,8,8a,9-hexabydrofro[3',4":6,7 naphtho[2,3-d]
[1,3]dioxol-5-y1]-3-methoxyphenyl ester

According to the same procedure as in Example 4a) but
using carbonic acid benzyl ester 2-benzyloxycarbonyloxy-5-
(9-hydroxy-6-0x0-5,52,6,8,8a,9-hexahydrofuro-[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-y1)-3-methoxyphenyl ester
obtained in Example 2, carbonic acid benzyl ester 2-benzy-
loxycarbonyloxy-5-[9-(2-chloroacetylamino)-6-0x0-5,5a,6,
8,8a,9-hexahydrofuro[3',4':6,7|naphtho| 2,3-d][ 1,3]dioxol-
5-yl]-3-methoxyphenyl ester is isolated with a yield 0of 83% in
the form of a white foam. TLC SiO, (CH,Cl,/MeOH 95/5,
Rf=0.63); "H NMR (ds-DMSO) 8 4.11 (s, 2H, CH,CI).

EXAMPLE 7

Preparation of 2-chloro-N-[8-0x0-9-(3,4,5-trihydrox-
yphenyl)-5,5a,6,8a,9-hexahydrofuro[3',4":6,7 |naph-
tho[2,3-d][1,3]dioxol-5-yl]acetamide

According to the same procedure as in Example 4a) but
with  5-(3,4,5-trihydroxyphenyl)-9-hydroxy-5,8,8a,9-tet-
rahydro-5aH-furo[3',4":6,7naphtho[2,3-d][ 1,3]diox0l-6-0one
obtained in Example 1, a beige foam is isolated after flash
chromatography on SiO, (elution: CH,Cl,/MeOH 95/5) with
a yield of 20%. MS-ESI (m/z): 448.0 (MH+), 465.0
(MNH,+).

EXAMPLE 8

Preparation of carbonic acid benzyl ester 2,3-bis
(benzyloxycarbonyloxy)-5-[ 9-(2-chloroacety-
lamino)-6-0x0-5,52,6,8,8a,9-hexahydrofro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]|phenyl ester

According to the same procedure as in Example 4a) but
using carbonic acid benzyl ester 2,3-bis(benzyloxycarbony-
loxy)-5-(9-hydroxy-6-0x0-5,52,6,8,8a,9-hexahydrofuro[3',
4"6,7]naphtho[2,3-d][1,3]dioxol-5-yl]|pheny] ester obtained
in Example 3, carbonic acid benzyl ester 2,3-bis(benzyloxy-
carbonyloxy)-5-[9-(2-chloroacetylamino)-6-0x0-5,5a,6,8,
8a,9-hexahydrofuro[3',4':6,7|naphtho[2,3-d][1,3]diox0l-5-
yl]phenyl ester is isolated.

Preparation of the Final Compounds

EXAMPLE 9

Preparation of 2-(2-dimethylaminoethylamino)-N-
[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-0x0-5,52a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho([2,3-d][1,3]
dioxol-5-yl]acetamide

0.75 ml (5.2 mmol) of triethylamine and then a spatula tip
of potassium iodide KI are added to 1 g (2.1 mmol) of the
compound of Example 4 in solution in 30 ml of acetonitrile
and 3 ml of DMF. A solution of 0.6 ml (5.2 mmol) of N,N-
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dimethyl-1,2-ethanediamine in 10 ml of acetonitrile is then
added with stirring at ambient temperature. Stirring is main-
tained for 2 days, then the reaction medium is evaporated and
the residue is taken up with water (100 ml) and extracted with
CH,Cl, (3 times 25 ml); after separating by settling, the
organic phase is dried over sodium sulphate, filtered and
evaporated. The residue is purified by flash chromatography
on Chromagel 60 AC silica (35-70 mesh) (eluent: CH,Cl,/
MeOH/NH,OH 90/9/1). 400 mg of a white foam are obtained
(yield 36%). The dihydrochloride is precipitated from
acetone by addition of an isopropanol solution saturated with
hydrochloric acid. Melting point=230° C.; 'H NMR base
(ds-DMSO) 6 8.26 (m, 1H, OH), 8.20 (d, 1H, J=8.3 Hz, NH
amide), 6.76 (s, 1H, H,), 6.53 (s, 1H, Hy), 6.24 (s, 2H, H,. ),
5.99 (d, J=11.56 Hz, OCH,0), 5.20 (dd, 1H, J=8.3 and 4.7
Hz, H,), 4.50 (d, 1H, J=5.2 Hz, H,), 4.28 (t, 1H, J=8 Hz,
H,..), 3.73 (dd, 1H, J=10.8 and 8 Hz, H,,,), 3.63 (s, 6H,
2xOMe), 3.37 (m, 1H, NH), 3.19 (s, 2H, CH,CO), 2.94 (m,
1H, H1), 2.50 (m, 4H, 2xCH,), 2.08 (s, 6H, 2xCH,); MS-ESI
(m/z): 528.2 (MH+).

The following compounds are obtained by the same reac-
tion but with the corresponding starting materials:

EXAMPLE 10

Preparation of N-[9-(4-hydroxy-3,5-dimethoxyphe-
nyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][,3]dioxol-5-y1]-2-(2-morpholin-4-y1)
ethylamino)acetamide

This compound is prepared from the compound of
Example 4 and 2-(morpholin-4-yl)ethanamine.

Dihydrochloride: Melting point=212° C.; MS-ESI (m/z):
570.2 (MH+).

EXAMPLE 11

Preparation of 2-[(2-dimethylaminoethyl)methy-
lamino]-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl|acetamide
This compound is prepared from the compound of
Example 4 and N,N,N-trimethyl-1,2-ethanediamide.
Dihydrochloride: M.p.=238° C.

EXAMPLE 12

Preparation of 2-dlmethylamino-N-[9-(4-hydroxy-3,
5-dimethoxyphenyl)-8-ox0-5,52,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-
mide
This compound is prepared from the compound of
Example 4 and dimethylamine.
Hydrochloride: M.p. (° C.)>260° C.;
Analysed: C,5H,N,O4.HCI; calculated: C % 57.64, H %
5.61,N % 5.38. found: C % 57.47, H % 5.47, N % 5.26.

EXAMPLE 13

Preparation of N-[9-(4-hydroxy-3,5-dimethoxyphe-
nyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]-2-(piperidin-1-yl)
acetamide

This compound is prepared from the compound of
Example 4 and piperidine.

14
Hydrochloride: Melting point=269-270° C.; analysed:
C,3H;,N,04 HCI; calculated: C % 59.95, H % 5.93, N %
4.99. found: C % 59.57, H % 6.25, N % 4.96.

5 EXAMPLE 14

Preparation of 2-benzylamino-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-
10 mide
This compound is prepared from the compound of
Example 4 and benzylamine.
Hydrochloride: Melting point=225° C.

15
EXAMPLE 15
Preparation of N-[9-(4-hydroxy-3,5-dimethoxyphe-
2 nyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]

naphtho[2,3-d][1,3]dioxol-5-y1]-2-(piperazin-1-yl)
acetamide

This compound is prepared from the compound of
Example 4 and piperazine.

Dihydrochloride: Melting point=237-8° C.

EXAMPLE 16
30 Preparation of 2-(4-benzylpiperazin-1-yl)-N-[9-(4-
hydroxy-3,5-dimethoxyphenyl)-8-o0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
yl]acetamide

This compound is prepared from the compound of
Example 4 and N-benzylpiperazine.
Dihydrochloride: Melting point=205° C.

EXAMPLE 17
40
Preparation of 2-ethylamino-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-
mide
45
This compound is prepared from the compound of
Example 4 and ethylamine.

EXAMPLE 18
50
Preparation of N-[9-(4-hydroxy-3,5-dimethoxyphe-
nyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-y1]-2-(propylamino)
acetamide
55
This compound is prepared from the compound of
Example 4 and propylamine.

EXAMPLE 19
60
Preparation of 2-butylamino-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-
mide
65

This compound is prepared from the compound of
Example 4 and butylamine.
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EXAMPLE 20

Preparation of 2-(2-diethylaminoethylamino)-N-[9-
(4-hydroxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6.8,
8a,9-hexahydrofuro[3',4":6,7|naphtho([2,3-d][1,3]
dioxol-5-yl]acetamide
This compound is prepared from the compound of
Example 4 and N, N-diethyl-1,2-ethanediamine.

EXAMPLE 21

Preparation of 2-(2-diethylaminopropylamino)-N-[9-
(4-hydroxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6.8,
8a,9-hexahydrofuro[3',4":6,7|naphtho([2,3-d][1,3]
dioxol-5-yl]acetamide
This compound is prepared from the compound of
Example 4 and N,N-diethyl-1,3-propanediamine.

EXAMPLE 22

Preparation of 2-amino-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,54a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-

mide

This compound is obtained in 2 stages from the compound
obtained in Example 4. In a 1st stage, the compound of
Example 4 is treated according to the process of Example 9,
with benzylamine instead of N,N-dimethyl-1,2-ethanedi-
amine. The corresponding benzylamino intermediate, that is
to say the compound of Example 14 is obtained (TLC
Si0,CH,Cl,/MeOH 95/5: Rf=0.34). Ina 2nd stage, this inter-
mediate is debenzylated: 830 mg of this intermediate are
placed with vigorous stirring in a mixture of MeOH (30 ml)
and THF (20 ml) with 100 mg of 10% palladium-on-charcoal
and a hydrogen atmosphere for 8 h. The catalyst is subse-
quently filtered off and the filtrate is evaporated. Elution on a
silica column (CH,C1,/MeOHINH,OH-90/9/1) provides 300
mg of the debenzylated compound crystallized from AcOEt
(yd 43%). The hydrochloride is formed in acetone by addition
of isopropanolic HCI solution. Melting point=236° C.; MS-
APCI (m/z) 457.1 (MH+).

EXAMPLE 23

Preparation of 2-(2-aminoethylamino)-N-[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-ox0-5,52a,6,8,8a,9-
hexahydrofuro[3'.4":6,7|naphtho[2,3-d][1,3]dioxo0l-5-
yl]acetamide

This compound is obtained in 2 stages from the compound
obtained in Example 4. In a 1st stage, the compound of
Example 4 is treated according to the process of Example 9,
with benzyl 2-aminoethylcarbamate (Synthesis, 2002, 15,
2195, Bull. Chem. Soc. Jpn., 1998, 71, 699) instead of N,N-
dimethyl-1,2-ethanediamine. The intermediate having an
N-benzyloxycarbonyl protective group is obtained, the
hydrochloride of which is formed in acetone in the presence
of isopropanol HCI solution. Melting point=178° C. MS-
APCI (m/z) 634.3 (MH+). In a 2nd stage, this intermediate is
treated, as in Example 22, with palladium-on-charcoal and
hydrogen. The dihydrochloride is obtained with a yield of
89%. Melting point=236° C. Analysed: C,sH,,N;04.2HCI;
calculated: C% 52.46,H % 5.46,N % 7.34. found: C % 52.78,
H % 5.46,N % 7.14.
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EXAMPLE 24

Preparation of 2-(3-aminopropylamino)-N-[9-(4-
hydroxy-3,5-dimethoxyphenyl)-8-o0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-

yl]acetamide

The intermediate possessing an N-benzyloxycarbonyl pro-
tective group is obtained by the same reaction sequence as for
Example 22 but using the corresponding starting materials;
the hydrochloride of the intermediate is formed in acetone
and ethyl ether in the presence of isopropanol HCI solution.
Melting point=132° C. MS-APCI (m/z) 648.1 (MH+).
Debenzylation according to the same process as in Example
22 provides the dihydrochloride. Melting point=219° C. MS-
APCI (m/z) 514.3 (MH+).

EXAMPLE 25

Preparation of 2-(4-aminobutylamino)-N-[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-ox0-5,52,6,8.8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
yl]acetamide

The intermediate possessing an N-benzyloxycarbonyl pro-
tective group is obtained but the same reaction sequence as in
Example 22 but using benzyl 4-aminobutylcarbamate,
obtained according to Tet. Lett., 2001, 42, 2709; the interme-
diate crystallizes in the base state from ethyl ether. Melting
point=95-96° C. MS-APCI (m/z) 662.4 (MH+). Debenzyla-
tion subsequently provides the dihydrochloride. Melting
point=201° C. MS-ESI (m/z) 528.2 (MH+). The hydrated
form is formed with 3H,0. Melting point=223° C. Analysed:
C,,H;;N;04.2HCI; calculated: C % 54.01, H % 5.87, N %
7.00. found C % 53.64, H % 5.63, N % 6.85.

EXAMPLE 26

Preparation of 2-{3-[4-(3-aminopropylamino)buty-
lamino]propylamino}-N-[8-0x0-9-(3,4,5-trimethox-
yphenyl)-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naph-
tho[2,3-d][1,3]dioxol-5-yl]acetamide

This compound is obtained by the same procedure as in
Example 22 but with the intermediate 2-chloro-N-[9-(3,4,5-
trimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":
6,7naphtho([2,3-d][1,3]dioxo0l-5-yl|acetamide obtained in
Example 4b) and with benzyl {4-[(3-aminopropyl)benzy-
loxycarbonylamino]butyl}(3-benzyloxycarbonylaminopro-
pyDcarbamate (Tet. Lett., 1998, 39, 439), in the form of a
colourless oil.

TLC SiO, (CH,Cl,/MeOH/NH,OH 95/4.5/0.5) Rf=0.46;
MS-ESI (m/z) 1058.5 (M+). Debenzylation according to the
same process as in Example 20 provides the tetrahydrochlo-
ride. Melting point=209° C. MS-ESI (m/z) 656.3 (MH+).

EXAMPLE 27

Preparation of 2-{3-[4-(3-aminopropylamino)buty-
lamino]propylamino }-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-y1]
acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained accord-
ing to Example 4 with benzyl {4-[(3-aminopropyl)-benzy-
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loxycarbonylamino |butyl}(3-benzyloxycarbonylaminopro-
pylcarbamate (7et. Lett., 1998, 39, 439). The corresponding
benzyl (3-benzyloxycarbonylaminopropyl)(4-{benzyloxy-
carbonyl-[3-({[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-oxo-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho| 2,3-d]dioxol-
5-ylcarbamoyl]methyl}-amino)propyl]amino } butyl)
carbamate intermediate is obtained (TLC SiO,CH,Cl,/
MeOH/NH,OH 95/4.5/0.5); Rf=0.27. In a 2nd stage,
debenzylation subsequently provides the tetrahydrochloride.
Melting point=267° C. MS-ESI (m/z) 642.2 (MH+). Analy-
sed: C;,H,,N.O4 4HCI; calculated: C % a 50.32, H % 6.53,
N % 8.89. found: C %/0 50.264, H % 6.57, N % 8.66.

EXAMPLE 28

Preparation of 2-{3-[4-(3-aminopropylamino)buty-

lamino]propylamino }-N-[9-(3,4-dihydroxy-5-meth-

oxyphenyl)-8-0x0-5,5a5,6,8.8a,9-hexahydrofuro-[3',
4"6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 5, 2-chloro-N-[9-(3,4-dihydroxy-5-methoxyphe-
nyl)-8-0x0-5,54a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naphtho
[2,3-d][1,3]dioxol-5-yl]acetamide, with benzyl {4-[(3-ami-
nopropyl)benzyloxycarbonylamino]butyl }(3-
benzyloxycarbonylamino-propyl)carbamate (el Lett.,
1998, 39, 439). The benzyl (3-benzyloxycarbonylamino-pro-
pyD(4-{benzyloxycarbonyl-[3-({[9-(3,4-dihydroxy-5-meth-
oxyphenyl)-8-o0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d]dioxol-5-ylcarbamoyl]methyl }amino)
propyl]amino}butyl)carbamate intermediate is obtained.
TLC SiO, (CH,Cl,/MeOH/NH_,OH 95/4.5/0.5); Rf=0.15. In
a 2nd stage, 20 mg of 10% palladium-on-charcoal are added,
after purging with nitrogen, to a solution of 90 mg of this
intermediate in 10 ml of MeOH. Purging is carried out with a
balloon swollen with hydrogen and the hydrogen atmosphere
is maintained over the reaction medium with vigorous stirring
for 1 hour. After purging with nitrogen, 0.1 ml of isopropan-
olic HCI solution (3.6N) is added to the medium, the catalyst
is filtered off and rinsed with MeOH, and then the filtrate is
evaporated to dryness. The residue is taken up in 20 ml of
ethyl ether and the hydrochloride precipitate is filtered off and
then dried. 20 mg of crystals are obtained (Yield 30%).

EXAMPLE 29

Preparation of 2-{(3-[4-(3-aminopropylamino)buty-
lamino]propylamino } -N-[8-0x0-9-(3,4,5-trihydrox-
yphenyl)-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naph-
tho[2,3-d][1,3]dioxol-5-yl]acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 7, 2-chloro-N-[9-(3,4,5-trihydoxyphenyl)-8-oxo0-5,
5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]di-
oxol-5-yl]acetamide, with benzyl {4-[(3-aminopropyl)ben-
zyloxycarbonylamino Jbutyl }(3-benzyloxy-
carbonylaminopropyl)carbamate (7et. Lett., 1998, 39, 439).
The benzyl (3-benzyloxycarbonylaminopropyl)(4-{benzy-
loxycarbonyl-[3-({[(8-0x0-9(3,4,5-trihydroxyphenyl)-5,5a,
6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d]dioxol-5-yl-
carbamoyl|methyl }amino)propyl]amino }butyl)carbamate
intermediate is obtained. TLC SiO, (CH,Cl,/MeOH/NH,OH
95/4.5/0.5); Rf=0.15. In the 2nd stage, this intermediate is
hydrogenolysed according to the process of Example 28. A

18
tetrahydrochloride is then obtained by precipitation from
ethyl ether. Melting point=115° C.; MS-ESI (m/z) 613.3
(MH+).

5 EXAMPLE 30

Preparation of 2-(4-aminobutylamino)-N-[9-(3,4-
dihydroxy-5-methoxyphenyl)-8-0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
10 yl]acetamide
The intermediate possessing an N-benzyloxycarbonyl pro-
tective group is obtained by the same reaction sequence as in
Example 25 but using the intermediate obtained in Example 5
instead of the intermediate obtained in Example 4; TLC SiO,
(CH,C1,/MeOH/NH,OH 90/9/1); Rf=0.26. Debenzylation
according to the same process as in the second stage of
Example 28 provides the dihydrochloride in the form of a
cream powder. Melting point=94° C. This same compound is
also obtained by the reaction of carbonic acid benzyl ester
2-benzyloxycarbonyloxy-5-[9-(2-chloroacetylamino)-6-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d]
[1,3]dioxol-5-y1]-3-methoxyphenyl ester, itself obtained in
Example 6, according to the procedure of Example 25, also
using benzyl 4-aminobutylcarbamate, followed by hydro-
genolysis.

25

EXAMPLE 31
30
Preparation of 2-[3-(4-aminobutylamino)propy-
lamino]-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
i 3-d][1,3]dioxol-5-yl|acetamide
This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with benzyl {4-[(3-aminopropyl)benzyloxy-car-
bonylamino]butyl }carbamate (Synthesis, 1994, 37). The cor-
responding benzyl (4-{benzyloxycarbonyl-[3-({[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
ylcarbamoyl|methyl }amino)propyl]amino } butyl)carbamate
intermediate is obtained. In a 2nd stage, debenzylation
according to the same process as in Example 22 provides the
trihydrochloride. Melting point=255° C.; MS-ESI (m/z)
585.2 (MH+).

40

45

50 EXAMPLE 32

Preparation of 2-[4-(3-aminopropylamino)buty-
lamino]-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
55 3-d][1,3]dioxol-5-yl|acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with benzyl {3-(4-aminobutyl)benzyl-oxycarbo-
nylaminopropyl }carbamate (J. Org. Chem., 1998, 63, 9723).
The corresponding benzyl(3-benzyloxycarbonylaminopro-
pyD-[4-({[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,
6,8,8a,9-hexahydrofuro[3',4':6,7|naphtho| 2,3-d][ 1,3]dioxol-
5-ylcarbamoyl]methyl}-amino)butyl|carbamate
intermediate is obtained. In a 2nd stage, the benzylation
according to the same process as in Example 22 provides the
trihydrochloride. Melting point=199° C.; MS-ESI (m/z)
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585.2 (M+); Analysed: C;,H,,N,O4.3HCI; calculated: C %
51.92,H % 6.24,N % 8.07. found: C % 52.30,H% 6.27,N %
7.88.

EXAMPLE 33

Preparation of 2-[3-(3-aminopropylamino)propy-
lamino]-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofro[3',4":6,7|naphtho[2,
3-d][1,3]dioxol-5-yl|acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with benzyl (3-aminopropyl)(3-benzyloxycarbo-
nylaminopropyl)carbamate (7er. Lett., 1994, 35, 2057 and
2061). The corresponding benzyl (3-benzyloxycarbonylami-
nopropyl)-[3-({[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naphtho[2,3-d]
[1,3]dioxol-5-ylcarbamoyl]methyl}amino)propyl]
carbamate intermediate is obtained. In a 2nd stage,
debenzylation according to the same process as in Example
22 provides the trihydrochloride. MS-ESI (m/z) 571.2 (M+).

EXAMPLE 34

Preparation of 2-{3-[3-(3-aminopropylamino)propy-
lamino]propylamino }-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,54a,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-y1]
acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with benzyl (3-aminopropyl){3-[benzyloxycar-
bonyl(3-benzyloxycarbonylaminopropyl)amino]
propyl}carbamate prepared in an analogous way to the
method of Example 27. In a 2nd stage, debenzylation accord-
ing to the same process as in Example 22 provides 2-{3-[3-
(3-aminopropylamino)propylamino]propylamino }-N-[9-(4-
hydroxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7 |naphtho[2,3-d][1,3]diox0l-5-y]]
acetamide tetrahydrochloride.

MS-ESI (m/z) 628.1 (M+).

EXAMPLE 35

Preparation of 2-{4-[4-(4-Aminobutylamino)buty-
lamino]butylamino }-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,5a,9-hexahydrofutro[3',4':6,

7Inaphtho[2,3-d][1,3]dioxo0l-5-yl]acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with (4-aminobutyl){4-[benzyloxycarbonyl(4-
benzyloxycarbonylaminobutyl)amino|butyl }carbamic  acid
benzyl ester, prepared in an analogous way to the method
(Synthesis, 1994, 37). In a 2nd stage, after chromatographic
purification, debenzylation according to the same process as
in Example 22 provides 2-{4-[4-(4-aminobutylamino)buty-
laminoJbutylamino}-N-[9-(4-hydroxy-3,5-dimethoxyphe-
nyl)-8-0x0-5,54a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naphtho
[2,3-d][1,3]dioxol-5-yl]acetamide tetrahydrochloride.
Melting point=263° C.; MS-ESI (m/z) 670.6 (M+).
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EXAMPLE 36

Preparation of 2-[4-(4-Aminobutylamino)buty-
lamino]-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl|acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with (4-aminobutyl)(4-benzyloxycarbonylamino-
butyl)carbamic acid benzyl ester, prepared in an analogous
way to the method (Synthesis, 1994, 37). In a 2nd stage, after
chromatographic purification, debenzylation according to the
same process as in Example 22 provides 2-[4-(4-aminobuty-
lamino)butylamino|-N-[ 9-(4-hydroxy-3,5-dimethoxyphe-
nyl)-8-0x0-5,54a,6,8,8a,9-hexahydrofuro[3',4":6,7 Inaphtho
[2,3-d][1,3]dioxol-5-yl]acetamide trihydrochloride. Melting
point=225° C.; MS-ESI (m/z) 600.2 (M+).

EXAMPLE 37

Preparation of 2-(5-Aminopentylamino)-N-[9-(4-
hydroxy-3,5-dimethoxyphenyl)-8-o0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-

yl]acetamide

This compound is obtained in 2 stages according to the
process of Example 22 from the compound obtained in
Example 4 with 5-(benzyloxycarbonylamino)pentylamine.
In a 2nd stage, after chromatographic purification, debenzy-
lation according to the same process as in Example 22 pro-
vides 2-(5-aminopentylamino)-N-[9-(4-dihydroxy-3,5-
methoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4"6,
7Inaphtho[2,3-d][1,3]dioxo0l-5-yl]acetamide
dihydrochloride.

Melting point=215° C.; MS-ESI (m/z) 543.1 (M+).
Pharmacological Results of the Compounds of the Invention
In Vitro and In Vivo Tests
1) In Vitro Activity:

a) Cytotoxicity Test

The testused is the inhibition of growth of cells of the A549
human line (non-small-cell lung cancer):

The A549 tumour cells are seeded in a 96-well plate in
RPMI 1640 medium without phenol red (Seromed) to which
5% of foetal calf serum is added (100 pl/well, 125x10* cells/
ml). After incubating at 37° C. for 24 hours in an incubator
comprising 5% CO,, the medium is replaced with that com-
prising the test compound, after which the plates are incu-
bated for an additional 48 hours. Cell survival is evaluated by
measuring the luminescence after release of ATP into the
medium using the cell lysis, luciferase and luciferin solutions
present in the ATP-Lite-M™ kit as is recommended by the
manufacturer (Packard, Rungis, France). Each experimental
condition was tested at least three times as six identical cop-
ies. The results, expressed as ICs, (M), are collated in Table |
and show the cytotoxicity of the compounds.

b) Test for Detection of Breakages of the DNA in Cellulo:

The comets test is used. The breakages of the DNA are
detected in the A549 cells after incubating for 1 hour with 10
UM of each of the test compounds. Etoposide and vinorelbine
are used as positive and negative control respectively. The
breakages are revealed using the comets test (Br. J. Cancer,
2000, 83, 1740). For each compound, twenty-five cells are
analysed and the mean Tail Moment (TM) is calculated using
Komet software (Kinetic Imaging, UK). The results are
expressed with respect to the TM of etoposide, taken to be
unity, and are collated in Table I. The advantage of the prod-



ucts of the present invention on the induction of their cleavage
of the DNA, which is superior to that of etoposide, is thus
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shown.
TABLE I
In vitro activity
Cytotoxicity, A549 cells,
Compound IC50 (M) ™
Etoposide 1.8 x 106 1
Vinorelbine 3.7%x107° 0
Example 9 6x107° 2.81
Example 12 2x1077 2.32
Example 22 1x107¢ 3.89
Example 25 8 x 1078 1.09
Example 27 2x1077 1.22
2) In Vivo Activity:

The compounds of the present invention have a solubility
in water which makes possible a form of administration by
infusion, by injection or by the oral route. They are provided
in the form of their water-soluble hydrochloride, the solubil-
ity values of which are collated in Table II.

P388 Experimental Tumour Model.

The model used is P388 murine leukaemia (Tumor Models
in Cancer Research., Teicher, B. A. ed., Humana Press Inc.,
Totowa, N.J., pp. 23-40, 2002), which is maintained by suc-
cessive intraperitoneal transplantations in DBA/2 mice
(DBA/2JIco, Charles River), as was described in prior art
documents (Classic in vivo cancer models: Three examples of
mouse models used in experimental therapeutics. Current
Protocols in Pharmacology Unit 5.24: 5.24.1-5.24.16, 2001).

The experiment is carried out according to a protocol
already described in prior art documents (Cancer Chemother.
Pharmacol., 1998, 41, 437-447). This consists in implanting
10° cells of P388 leukaemia per mouse into C2DF1 hybrid
mice (CD2F1/CrIBR, Charles River, St Aubin-les-Elbeuf,
France) intravenously on day zero. After randomizing the
animals in the treatment and control cages, the compounds to
be evaluated are administered in a single injection intraperi-
toneally the day after the tumour graft, on day 1. The animals
are subsequently monitored every day, weighed twice weekly
and any clinical reaction is recorded. The survival is the
parameter for evaluation of the antitumour activity. The
increase in survival is defined by the T/C,,,.,,,.; ratio (%),
corresponding to: (Median of survival of the treated group/
Median of survival of the control group)x100. A T/C_,, .. ..
ratio is calculated for each dose administered and the greatest
value obtained represents the maximum increase in survival
achieved (maximum activity), which is defined by the opti-
mum1/C,,,,.,,.; ratio. The results are illustrated in Table II, in
which the optimum T/C,,..,,,.; values appear. The results
show that the compounds of Examples 9, 12, 25 and 27 have
resulted in a significant increase in survival of the animals
carrying P388 leukaemia, which is reflected by optimum
T/C,, i values of 129 to 157%, indicating that the treatment
of the animals with these compounds has made it possible to
prolong the survival of the animals by 29 to 57%. Specifically,
according to the criteria of the NCI (National Cancer Insti-
tute), a T/C,,,,,,,.; value is regarded as significant if it is at
least greater than 120% (Semin. Oncol., 1981, 8, 349-361).
The relative loss in body weight of the animals, associated
with the optimum activity of the compounds, is much less
than the toxicity threshold, according to the criteria of the
NCI (Ann. Oncol., 1994, 5, 415-422).
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B16 Experimental Tumour Model.

The model used is the B16 melanoma (Tumor Models in
Cancer Research., Teicher, B. A. ed., Humana Press Inc.,
Totowa, N.J., pp. 23-40, 2002), which is maintained by suc-
cessive subcutaneous transplantations in C57BL/6 mice
(C57BL/6 NCrIBR, Charles River, St Aubin-les-Elbeuf,
France), as was described above (Classic in vivo cancer mod-
els: Three examples of mouse models used in experimental
therapeutics. Current Protocols in Pharmacology Unit 5.24:
5.24.1-5.24.16, 2001).

The experiment is carried out according to a protocol
already described above. B16 tumour tissue is ground and
homogenized ina 0.9% sterile sodium chloride solution using
a Dounce homogenizer and then C57BLJ6 mice are inocu-
lated subcutaneously into the flank with 0.5 ml of this 1 g/ml
preparation on day zero. After randomizing the animals in the
treatment and control cages, the compounds to be evaluated
are administered intraperitoneally on days 3, 5, 7 and 10 after
the grafting of the tumour. The animals are subsequently
monitored every day, weighed twice weekly and any clinical
reaction is recorded. The size of the tumour is measured three
times weekly during the experiment. The tumour volume is
calculated and the activity of the compounds on the size of the
tumour is defined by the T/C, ,,,..,.. ratio (%), corresponding to
(Median tumour volume of the treated group/Median tumour
volume of the control group)x100.

The results are illustrated in Table I1, in which the optimum
T/C, ,;.me Values appear. The results show, inter alia, that the
compounds of Examples 25 and 27 result in a significant
slowing in the tumour growth, which is respectively reflected
by optimum T/C, .. values of 25% and 7%. Specifically,
according to the criteria of the NCI (National Cancer Insti-

tute),a’T/C, ;... value is regarded as significant if it is at least
less than 42% (Cancer Res., 1991, 51, 4845-4852).
TABLE II
In vivo antitumour activity
P388 Model B16 Model MX-1 Model
Optimum Optimum Optimum
TC survival TCootime  T/Cootume
Solubility (%) (%) (%)
in water [dose, [dose, [dose,
Compound (mg/ml) mg/kg] mg/kg] mg/kg]
Example 9 100 157 [10] — —
Example 12 16 157 [2.5] — —
Example 25 100 129 [10] 25 [20] 51 [10]
Example 27 50 129 [7.5] 717.5] 0[2.5]
MX-1 Experimental Tumour Model.
The model used is a human mammary carcinoma (Devel-
opmental Therapeutics Program, Division of Cancer Treat-

ment, National Cancer Institute, In vivo Cancer Models 1976-
1982. NIH Publication No. 84 2635, Washington D.C.:
United States Government Printing Office, 1984), which is
maintained by successive subcutaneous transplantations in
Swiss Nude mice (Ico: Swiss-nu/nu, Iffa Credo, L.’ Arbresle,
France), as was described above (Classic in vivo cancer mod-
els: Three examples of mouse models used in experimental
therapeutics. Current Protocols in Pharmacology Unit 5.24:
5.24.1-5.24.16, 2001).

The experiment is carried out according to a protocol
already described above (Cancer Chemother. Pharmacol.,
1998, 41, 437-447). Swiss Nude mice are grafted subcutane-
ously into the flank with a fragment of MX-1 tumour on day
zero. After randomizing the animals in their treatment and
control cages, the compounds to be evaluated are adminis-
tered intraperitoneally on day 7, 9, 11, 14, 16 and 18 after the
grafting of the tumour. The animals are subsequently moni-
tored every day, weighed twice weekly and any clinical reac-
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tion is recorded. The size of the tumour is measured three
times weekly during the experiment. The tumour volume is
calculated and the activity of the compounds on the size of the
tumour is defined by the T/C, ... ratio (%), corresponding to
(Median tumour volume of the treated group/Median tumour
volume of the control group)x100. The results are collated in
Table II. The compound of Example 25 exhibits a T/C ;...
ratio (%) of 51% for a treatment of 10 mg/kg and the com-
pound of Example 27 exhibits a T/C ,, .. ratio (%) of 0% for
a treatment of 2.5 mg/kg, thus showing complete eradication
of the tumour.

The invention claimed is:
1. A process for the preparation of a compound of formula

(D:

@

R,0

OR,

OH

in which:
R, and R, are, independently of one another, selected from
the group consisting of a hydrogen atom and a methyl
radical;

R3 and A together form a C;-Cg saturated aliphatic ring,
comprising one or more heteroatoms

or

R3 represents a radical chosen from the group consisting of
a hydrogen atom, a C,-C, alkyl radical and a benzyl
radical and A represents a radical chosen from the group
consisting of a hydrogen atom, a C,-C, alkyl radical, a
benzyl radical and a group of formula (II):

(IT)
R4

|
—¢CH,3—N—B

in which
a varies from 2 to 5,
R4 and B together form a C;-C, ring
or

R4 represents a radical chosen from the group consisting of
a hydrogen atom, a C,-C, alkyl radical and a benzyl
radical, it being possible for R3 and R4 to be connected
by an alkylene chain comprising 2 or 3 carbon atoms,
and B represents a radical chosen from the group con-
sisting of
a hydrogen atom,

a C,-C, alkyl radical,
a benzyl radical,
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a group of formula (I1I):

(I

RS R6

| |
—¢CH, %—N—¢CH,3—N—R7

in which b varies from 2 to 5, ¢ varies from 2 to 5 and R5
to R7 represent, independently of one another, a radi-
cal chosen from the group consisting of a hydrogen
atom, a C,-C, alkyl radical and a benzyl radical, it
being possible for R4 and RS and/or RS and R6 and/or
R6 and R7 to be connected by an alkylene chain
comprising 2 or 3 carbon atoms, and

a group of formula (IV):

)
R8

—f+CH;¥—N—R9

in which c varies from 2 to 5 and R8 and R9 represent,

each independently of one another, a hydrogen atom
or a C,-C; alkyl radical, it being possible for R4 and
R8to be connected by an alkylene chain comprising 2
or 3 carbon atoms, or R8 and R9 together form a
C;-Cq ring,

or a pharmaceutically acceptable salt thereof,

comprising the following successive stages:

a) starting from podophyllotoxin of formula (VIII):

(VIID)

OMe

OMe

b) if appropriate, preparation by demethylation of a com-
pound of formula (V):

V)

R,0

OR,

OH

in which R, and R, are as defined above, then
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¢) reaction of the compound of formula (V) or (VIII) with
chloroacetonitrile in an acidic medium and then, if
appropriate, demethylation reaction, to provide a com-
pound of formula (VI):

VD
(€]

™ )k/a
< W
0 E "”l\<o

R0 OR,

OH

in which R, and R, are as defined above; then
d) reaction of the compound of formula (VI) with a com-
pound of formula (VII):

(VID)
R3

|
H—N
\A

in which R3 and A are as defined above, the amines
optionally present in the group A being protected by
an appropriate protective group, in a mixture of sol-
vents comprising a polar aprotic solvent, in the pres-
ence of a Lewis base.

2. The process according to claim 1, wherein, when the
reaction is carried out at ambient temperature, the polar apro-
tic solvent used in stage d) is acetonitrile and dimethylforma-
mide (DMF).

3. The process according to claim 1, wherein the Lewis
base used in stage d) is triethylamine.

4. The process according to claim 1, wherein R3 to R9
represent, independently of one another, a hydrogen atom or
a C,-C, alkyl radical.

5. The process according to claim 1, wherein R3 represents
a hydrogen atom or a methyl radical and A represents a
hydrogen atom, a methyl radical or a group of formula (II) in
which R4 represents a hydrogen atom, a methyl radical or an
ethyl radical and B represents a radical chosen from the group
consisting of:

a hydrogen atom,

a methyl radical,

an ethyl radical,

a group of formula (III) in which R5, R6 and R7 represent

a hydrogen atom, a C1-C, alkyl radical or a benzyl
radical,

a group of formula (IV) in which R8 and R9, which are

identical, represent a hydrogen atom or a methyl radical.

6. The process according to claim 1, wherein the compound
of formula (I) is chosen from the group consisting of:

2-(2-dimethylaminoethylamino)-N-[9-(4-hydroxy-3,5-

dimethoxyphenyl)-8-0x0-5,5a,6,8,8a, 9-hexahydrofuro
[3',4":6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
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N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,5a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]di-
oxol-5-y1]-2-(2-(morpholin-4-yl)ethylamino)aceta-
mide,
2-[(2-dimethylaminoethyl )methylamino]-N-[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-oxo0-5,5a, 6,8,8a,9-
hexahydrofuro[3',4":6,7 |naphtho[2,3-d][1,3]dioxol-5-
yl]acetamide,
2-dimethylamino-N-[9-(4-hydroxy-3,5-dimethoxyphe-
nyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,5a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]di-
oxol-5-yl]-2-(piperidin-1-yl)acetamide,
2-benzylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-
8-0%0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho
[2,3-d][1,3]diox0l-5-yl]acetamide,
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,5a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]di-
oxol-5-yl]-2-(piperazin-1-yl)acetamide,
2-(4-benzylpiperazin-1-yl)-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro
[3',4"6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
2-ethylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl]acetamide,
N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-ox0-5,5a,6,8,
8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]di-
oxol-5-yl]-2-(propylamino)acetamide,
2-butylamino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl]acetamide,
2-(2-diethylaminothylamino)-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro
[3',4":6,7]naphtho[2,3-d][,3]dioxo0l-5-yl|acetamide,
2-(2-diethylaminopropylamino)-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro
[3',4"6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
2-amino-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-oxo-
5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7 |naphtho[2,3-d]
[1,3]dioxol-5-yl]acetamide,
2-(2-aminoethylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
2-(3-aminopropylamino)-N-[9-(4-hydroxy-3,5-
dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-hexahydrofuro
[3',4"6,7]naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
2-(4-aminobutylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
2-{3-[4-(3-aminopropylamino)butylamino [propy-
lamino }-N-[9-(4-hydroxy-3,5-dimethoxyphenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl]acetamide,
2-{3-[4-(3-aminopropylamino)butylamino [propy-
lamino}-N-[9-(3,4-dihydroxy-5-methoxyphenyl)-8-
0x0-5,5a8,6,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-
d][,3]dioxol-5-yl]acetamide,
2-{(3-[4-(3-aminopropylamino)butylaminopropy-
lamino }-N-[8-0x0-9-(3,4,5-trihydroxyphenyl)-5,5a,6,
8,8a,9-hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]di-
oxol-5-yl]acetamide,
2-(4-aminobutylamino)-N-[9-(3,4-dihydroxy-5-methox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide,
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2-[3-(4-aminobutylamino)propylamino]-N-[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
yl]acetamide,
2-[4-(3-aminopropylamino)butylamino]-N-[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
yl]acetamide,
2-[3-(3-aminopropylamino)propylamino-N-[9-(4-hy-
droxy-3,5-dimethoxyphenyl)-8-0x0-5,5a,6,8,8a,9-
hexahydrofuro[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-
yl]acetamide,
2-[4-(4-aminobutylamino)butylamino]-N-[9-(4-hydroxy-
3,5-dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-
mide,
2-{3-[3-(3-aminopropylamino)propylamino [propy-
lamino}-N-9-(4-hydroxy-3,5-dimethoxy ~ phenyl)-8-
0x0-5,5a,6,8,8a,9-hexahydrofuro[3',4":6,7|naphtho|2,
3-d][1,3]dioxol-5-yl]acetamide,
2-{4-[4-(4-aminobutylamino)butylamino |butylamino } -
N-[9-(4-hydroxy-3,5-dimethoxy phenyl)-8-0x0-5,5a,6,
8,8a,9-hexahydrofuro[3',4":6,7|naphtho| 2,3-d][,3]di-
oxol-5-yl]acetamide,
2-[4-(4-aminobutylamino)butylamino]-N-[9-(4-hydroxy-
3,5-dimethoxyphenyl)-8-0x0-5,52,6,8,8a,9-hexahydro-
furo[3',4":6,7|naphtho[2,3-d][1,3]dioxol-5-yl]aceta-
mide,
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2-(5-aminopentylamino)-N-[9-(4-hydroxy-3,5-dimethox-
yphenyl)-8-0x0-5,52,6,8,8a,9-hexahydrofuro[3',4":6,7]
naphtho[2,3-d][1,3]dioxol-5-yl]acetamide

and their addition salts with inorganic or organic acids.

7. An intermediate compound of formula (V):

V)

R0

OR,

OH

in which R, and R, represent a hydrogen atom.



